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Motivation  /  Objectives 


Motivation 

•  Ring  cusp  discharges  provide  highly  efficient  plasma  thrusters 

•  Development  of  an  efficient  microdischarge  (~1  cm) 

-  large  delta-V  missions  using  small  spacecraft 

-  formation  flying  and  control  for  larger  spacecraft 


Previous  Work  and  Objectives 
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Miniature  discharge,  MiXI  (3cm) 

•  Overall  impressive  performance 

•  Design  bracketed  by  field  strength: 

—  Efficiency:  requires  high  field  strength 
-  Stability:  requires  low  field  strength 

•  Improved  knowledge  of  near-surface  cusp 
region  needed  for  optimization 


Microdischarqes  (~1  cm) 

•  Increased  surface  area-to-volume  ratio 
with  smaller  discharge 

•  Efficiency/stability  balance 

•  Plasma  volume  is  increasingly 
dominated  by  the  magnetic  cusp  field  at 
small  scale 
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Conversano  R.,  Wirz  R.,  "CubeSat  Lunar  Mission  Using 
a  Miniature  Ion  Thruster,"  AIAA-2011-6083 
Wirz  R. ,  "Computational  Modeling  of  a  Miniature  Ion 
Thruster  Discharge,"  AIAA-2005-3887 
Mao  H.  S.,  et  al . ,  "Plasma  Structure  of  Miniature 
Ring-Cusp  Ion  Thruster  Discharges,"  AIAA-2012-4021 


Objectives 

1 )  Investigate  the  behavior  and  structure  of  plasma  for  a  single  cusp 

2)  Develop  an  efficient  multi-cusp  microdischarqe 
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Cusp  Confinement 
Discharge  Experiment 

•  Measure  particle  flux  for  single  cusp 

•  Ring  cusps  upstream  for  improve  primary 
electron  confinement 

•  Ring  plenum  gas  injection  upstream 


•  E-gun  supplies  50  pA  of  25  eV  electrons 

•  Wall  Probe  embedded  into  sliding  downstream 
plate 

o  Non-invasive  planer  scans  of  cusp 
o  400  pm  diameter  effective  area 
o  Orifice  design  behaves  at  RPA 


Computational  Model 

•  2.5D  PIC-MCC  model 

•  Adaptive  Cartesian  mesh 

•  2nd  order  electric  potential!1!  and  field  calculation 

•  Modified  Boris  particle  pushing  technique!2! 

•  Generalized  weighting  schemed 

•  Anisotropic  elastic  scattering  of  electrons!4! 

•  Analytical  equations  for  permanent  magnets!5’6! 
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Results:  Cusp  Confinement  Discharge 

Computational  Model 
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Observations 

Ionization  due  to  primaries  near  the  cusp  causes  high  local  ion  density 
Ions  are  directed  axially  toward  wall  by  electrostatic  force 
Near-surface  confinement  behavior  highly  dependent  on  upstream  B- 
field  structure 

Plasma  distribution  affected  by  e-gun  misalignment 


“Leak  radius”:  rl 
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Microdischarge  Analysis  and  Design 


Miniature  Discharge  (3  cm)  Analysis 

•  Plasma  properties  dominated  by  magnetic  field 
structure  and  invariant  to  discharge  power 

•  Strong  magnets  pinches  down  plasma  volume,  leading 
to  poor  volumetric  utilization 

•  Confirms  computational/theoretical 
analysis  that  strong  magnets  and 
high  discharge  currents  can  lead  to 
the  onset  of  instability 

Mao  H.  S . ,  Goebel  D.,  Wirz  R. ,  "Plasma  Structure 

of  Miniature  Ring-Cusp  Ion  Thruster  Discharges," 

AIAA-2 012-4 021 


Weak  Magnets  -  0.5  A  Discharge  -  11^  =  1.83e+018  m  3 
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Microdischarqe  Design  (preliminary  efforts) 

•  Objectives:  large  plasma  volume,  desirable  cusp  strength,  stability 

-  Considering  unconventional  discharge  designs 

•  Primary  confinement  efficiency  on  order  of  larger  discharges  (~25%) 

-  Two-fluid  plasma  model  (e-  and  ions)  needed 

•  Micro  cathode  design  and  testing  underway 


Concluding  Remarks  /  Future  Work 

•  Important  insight  derived  from  exp/comp  single  cusp 

effort  for  near-surface  and  volumetric  confinement 

•  Future  Work 

•  Experiment:  weakly  ionized  plasma  analysis  for  single  cusp 
and  microdischarge 

•  Continue  to  use  semi-analytical  tools  for  microdischarge 
design  exploration 

•  Comp  Efforts:  Detailed  design:  2.5-D  hybrid  PIC  model  for 
weakly  ionized  plasma  microdischarge  design  and  analysis 
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